Endoscopic ablation of Barrett ' s esophagus can bury metaplastic glands under a layer of neosquamous epithelium. To explore the frequency and importance of buried metaplasia, we have conducted a systematic review of reports on endoscopic ablation.
INTRODUCTION
Barrett ' s esophagus is the condition in which metaplastic columnar epithelium that predisposes to cancer development replaces the stratifi ed squamous epithelium that normally lines the distal esophagus ( 1 ) . Th e condition is a risk factor for esophageal adenocarcinoma, a tumor whose incidence has increased by more than sixfold over the past several decades in the United States ( 2 ) . Endoscopic ablation has been proposed as a way to prevent cancer from developing in Barrett ' s esophagus. Endoscopic ablative therapies use thermal or photochemical energy to destroy the metaplastic epithelium that gives rise to the tumors ( 1 ) . Aft er the procedure, patients are treated with proton pump inhibitors to control acid refl ux, which enables the ablated columnar epithelium to heal with new (neo)squamous epithelium.
A number of diff erent endoscopic ablative modalities have been described, but recent attention has focused primarily on photodynamic therapy (PDT) and radiofrequency ablation (RFA). For PDT, patients are given a systemic dose of a light-activated chemical (e.g., porfi mer sodium) that is taken up by the metaplastic esophageal epithelium, which is then irradiated with laser light ( 3 ) . Th e chemical transfers its laser-acquired energy to molecular oxygen to produce singlet oxygen, a toxic molecule that attacks vital cellular structures and causes cell death through necrosis and apoptosis. RFA uses endoscopic guidance to position a balloon with a circumferential array of electrodes to deliver radiofrequency energy to the metaplastic esophageal mucosa ( 4 ) . Using a generator to control the power, density and duration of the radiofrequency energy applied, RFA was designed to infl ict a uniform, circumferential thermal injury of limited depth. Using PDT or RFA, it is relatively easy to ablate long segments of metaplastic epithelium, and both techniques have been shown to prevent progression from dysplasia to cancer in randomized, controlled trials.
If an ablation procedure does not destroy all of the metaplastic epithelium, then the partially ablated mucosa may heal with an Buried Metaplasia After Endoscopic Ablation of Barrett ' s Esophagus: A Systematic Review overlying layer of neosquamous epithelium that buries metaplastic glands in the lamina propria where they are hidden from the endoscopist ' s view. Th is " buried metaplasia " may have malignant potential. In fact, there are reported cases of cancer appearing in buried metaplastic glands ( 5, 6 ) . However, the frequency with which endoscopic ablation results in buried metaplasia is not clear, and the importance of this condition is disputed. We have conducted a systematic review of the literature on Barrett ' s esophagus to answer the following questions: (i) What is the frequency of buried metaplasia aft er PDT? (ii) What is the frequency of buried metaplasia aft er RFA? (iii) What is the baseline frequency of buried metaplasia (i.e., the frequency of buried metaplasia in Barrett ' s patients who have not had endoscopic ablation procedures)? (iv) What is the frequency of neoplasia in buried metaplasia?
METHODS

Search strategy
We followed the PRISMA recommendations for systematic literature analysis ( 7 ) . Two members of the study team (NAG and SJS) searched the PubMed search engine of MEDLINE-indexed literature from the National Center for Biotechnology Information ( http://www.pubmed.gov ), as well as the Cochrane Central Register of Controlled Trials (CENTRAL) and the Cumulative Index to Nursing and Allied Health Literature (CINAHL) for English language articles published through April 2011. We performed additional searches of MEDLINE using the Ovid database, including Ovid MEDLINE 1948 to present and Ovid MEDLINE (R) In-process and other Non-indexed Citations.
To identify relevant articles for questions (i) and (ii) (the frequency of buried metaplasia aft er PDT and RFA), we used the medical subject heading search term " Barrett esophagus " (also " Barrett ' s esophagus, " " Barrett oesophagus, " or " Barrett ' s oesophagus " ) combined with the keywords " photodynamic therapy, " " photodynamic ablation, " " PDT, " " radiofrequency ablation, " and " circumferential ablation. " To identify relevant articles for questions (iii) and (iv) (the frequency of buried metaplasia at baseline and the frequency of neoplasia in buried metaplasia), we used the same medical subject heading terms as above combined with the keywords " buried glands, " " buried Barrett ' s, " " buried metaplasia, " " buried cancer, " buried neoplasia " and " subsquamous glands, " " subsquamous Barrett ' s, " " subsquamous metaplasia, " subsquamous cancer, " and " subsquamous neoplasia. " We screened each abstract resulting from these searches for eligibility. Additionally, we searched the reference lists of each article selected for inclusion to identify additional articles meeting eligibility requirements. Th is process was performed independently by the reviewers and any discrepancies were resolved by consensus aft er discussion among the authors.
Study selection
Study selection criteria were determined a priori. For articles on post-ablative buried metaplasia (questions (i) and (ii)), we used the following inclusion criteria: (i) the reports described data (prospective or retrospective) on the use of PDT (porfi mer sodium or 5-ALA) or RFA for Barrett ' s esophagus; (ii) series included at least fi ve patients; (iii) study patients had at least one follow-up endoscopy that included esophageal biopsy sampling aft er endoscopic ablation; and (iv) results specifi cally described the frequency of buried metaplasia following the endoscopic treatment. We excluded review articles, editorials and letters to the editor, and we excluded reports of studies if (i) techniques of endoscopic ablation other than PDT or RFA were used; (ii) data on esophageal biopsy sampling were not described; (iii) the report specifi ed that all study patients had been included in previously published series; (iv) the reports focused on secondary analyses of patients who had been included in previously published reports. For articles on baseline buried metaplasia (question (iii)), we used the following inclusion criteria: (i) esophageal biopsy samples were taken before any form of endoscopic therapy and (ii) histological analyses of esophageal biopsy specimens included a description of the fi nding of buried metaplasia. Reports of neoplasia in buried metaplasia (question (iv)) were included if they described neoplasia found in glands located beneath esophageal squamous epithelium at any time during follow-up of patients who had any form of endoscopic ablative therapy.
A fl ow chart summarizing the literature search is presented in Figure 1 .
Data abstraction
For reports on the frequency of buried metaplasia aft er ablative therapy, variables assessed in the data abstraction process included number of patients treated, baseline degree of dysplasia, number of esophageal biopsies obtained, surveillance protocol used, system used to assess biopsy depth, duration of follow-up, and number of patients found to have buried metaplasia. Data extracted from reports of baseline buried metaplasia included number of patients, frequency of baseline buried metaplasia, and degree of neoplasia detected. Data extracted from reports of buried neoplasia included patient ' s age, type of endoscopic therapy used, baseline degree of neoplasia (before treatment), time aft er ablation to detection of buried neoplasia, and outcome data.
RESULTS
Reports of neoplasia in buried metaplasia
Two case reports have been cited frequently as evidence that adenocarcinoma can arise from buried metaplasia ( 5, 6 ) . In addition, we found seven reports on endoscopic ablative therapy that provided information on neoplasia (including low-grade dysplasia, high-grade dysplasia (HGD), intramucosal carcinoma, and invasive adenocarcinoma) in buried metaplasia ( 8 -14 ) . Table 1 summarizes these 9 articles, which include a total of 34 patients who had endoscopic ablation and were subsequently found to have low-grade dysplasia (1 patient), HGD (13 patients), intramucosal carcinoma (11 patients), or invasive adenocarcinoma (6 patients) detected under squamous epithelium during follow-up intervals ranging from 4 to 52 months (in three cases, the degree of buried neoplasia was not reported). Th irty-one of the thirty-four cases occurred aft er PDT ( 8 -12,14 ) whereas three occurred aft er argon REVIEW Buried Metaplasia After Endoscopic Ablation of Barrett ' s Esophagus epithelium that buries metaplastic glands ( 15, 16 ) . Biopsy-induced regrowth of squamous epithelium is presumed to be the origin of " squamous islands " that are found frequently in Barrett ' s esophagus during endoscopic surveillance ( Figure 2 ). In one study of Barrett ' s patients who had not received ablation therapy, biopsy specimens of squamous islands revealed buried metaplasia in 38.5 % of cases ( 17 ) .
We identifi ed fi ve reports that described the prevalence of buried metaplasia at baseline in patients who subsequently had PDT or RFA ( Table 2 ) ( 8, 10, 15, 18, 19 ) . Th e baseline prevalences ranged from 0 % to 28 % . Th e highest baseline prevalence rate (28 % ) was found in a study that examined endoscopic mucosal resection specimens (which usually include submucosal tissue) from patients who had HGD or intramucosal carcinoma ( 19 ) . Th e other studies examined endoscopic pinch biopsy specimens, which infrequently include submucosa, and none of the reports provided specifi c information on the depth of the pinch biopsy specimens evaluated.
Frequency of buried metaplasia after PDT
We identifi ed 22 studies, which included 953 patients, describing the frequency of buried metaplasia aft er PDT; follow-up intervals ranged from 4 weeks to > 5 years ( Table 3 ) ( 8 -12,14,15,20 -34 ) . Seventeen studies included patients who had PDT for HGD, intramucosal carcinoma, or invasive adenocarcinoma ( 8 -12,14,15,20 -24,28,29,32 -34 ) , and fi ve studies were limited to patients who had PDT for low-grade dysplasia or non-dysplastic Barrett ' s esophagus plasma coagulation or laser ablation ( 5,6,13 ). We did not identify any reports of neoplastic glands situated beneath squamous epithelium aft er RFA. Two cases of buried neoplasia were reported to be detected because of associated endoscopic abnormalities ( 5, 6 ) ; for the other cases, generally insuffi cient information was provided to determine whether biopsy specimens were obtained from visible lesions or fl at mucosa, or if residual metaplastic mucosa was present.
Th e reports generally do not describe long-term patient outcomes, but there is at least one description of a patient who had incurable, metastatic cancer associated with buried adenocarcinoma ( 5 ). In the majority of cases, buried neoplasia was detected within 18 months of ablation. Th erefore, it is not clear whether the neoplasms developed from non-neoplastic glands that were buried by the ablation, or from neoplastic glands that either were already subsquamous before ablation or that were buried by the ablation procedure.
Frequency of buried metaplasia at baseline (before PDT or RFA)
Buried metaplasia has been described in patients with Barrett ' s esophagus who have not had endoscopic ablation ( 15 ) . It is possible that metaplastic glands grow underneath squamous epithelium spontaneously at squamo-columnar junction areas. It also has been proposed that, as a consequence of extensive biopsy sampling of metaplastic epithelium during endoscopic surveillance, the esophageal biopsy sites heal via growth of neosquamous 
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Gray et al. ( 25 -27,30,31 ) . Only three articles reported the number of biopsy specimens examined ( 8, 10, 15 ) , and none provided information on the depth of the biopsy specimens. Four reports did not describe specifi c mandated protocols for biopsy sampling of the neosquamous epithelium ( 20, 22, 31, 33 ) . Buried metaplasia was detected aft er PDT in 18 of the 22 studies ( 8 -12,14,15,20 -23,25 -28,32 -34 ) , whereas 4 reports stated that buried metaplasia was not detected in any post-PDT esophageal biopsy specimens ( 24,29 -31 ) . In total, buried metaplasia was observed in 135 (14.2 % ) of the 953 patients. (Note: A number of the reports in Table 3 share the same authors, and we cannot exclude the possibility that some patients were included in more than one series.) Th e highest reported frequency of buried metaplasia (51.5 % ) was described in a study of 33 patients who had HGD or early cancer in Barrett ' s esophagus, and who were followed for a mean duration of 16.7 months aft er PDT ( 10 ) . Only one study included information on the frequency of buried metaplasia in control subjects with Barrett ' s esophagus who were followed but who did not receive PDT ( 15 ) . In that randomized trial of PDT for patients with HGD, buried metaplasia was noted infrequently at baseline in both the treatment and control groups (5.8 % of 138 patients who later received PDT and 2.9 % of 70 control patients who did not receive PDT, P = NS). Both patient groups had similar follow-up surveillance protocols, which included omeprazole treatment and extensive esophageal biopsy sampling. Buried metaplasia developed at a similar rate in both groups (30 % in the PDT group and 33 % in the control group, P = NS). Since the two groups had a similar incidence of buried metaplasia during follow-up, the authors concluded that PDT was not responsible for the buried glands.
Frequency of buried metaplasia after RFA
We identifi ed 18 studies, which included 1,004 patients who had follow-up biopsy sampling of neosquamous epithelium, that described the frequency of buried metaplasia aft er RFA; followup intervals ranged from 8 weeks to 5 years ( Table 4 ) ( 18,35 -51 ) . Fift een of the eighteen studies described specifi c mandated surveillance intervals and biopsy protocols ( 18,35 -37,39,41 -43,45 -51 ) . Only two studies described the depth of biopsy samples ( 37, 41 ) . Four studies detected buried metaplasia during follow-up ( 18, 35, 47, 48 ) , whereas fourteen did not ( 36 -46,49 -51 ) . In total, buried metaplasia was noted in 9 (0.9 % ) of the 1,004 patients; 4 of the 9 patients were part of a randomized, sham-controlled trial of RFA for dysplasia in Barrett ' s esophagus (the AIM dysplasia trial) ( 18 ) . (Note: A number of the reports in Table 4 share the same authors, and we cannot exclude the possibility that some patients were included in more than one series.)
Adequacy of biopsy specimens of neosquamous epithelium
Biopsy specimens that do not include subepithelial lamina propria have a low likelihood of revealing buried metaplasia (see Figure 3 ). As noted above, only a small minority of reports describe the (4) HGD (6) LGD (1) 
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found that only 37 % of neosquamous pinch biopsies included lamina propria or deeper stromal tissue ( 41 ) . Th e investigators found no signifi cant diff erence in biopsy depth for specimens taken with " jumbo " biopsy forceps vs. standard biopsy forceps, but they did fi nd that " keyhole " biopsy sampling, in which a second pinch biopsy specimen was obtained from the original biopsy site, significantly increased the percentage of samples that included lamina propria or deeper stromal tissue to 51 % . Th e study also evaluated endoscopic resection specimens of neosquamous epithelium taken from 14 patients. All of those specimens included submucosal tissue, and none revealed buried metaplasia. It has been proposed that neosquamous epithelium may be more resistant to deep biopsy sampling than native squamous epithelium, perhaps due to scarring or other eff ects of the ablation procedure. To explore this issue, Shaheen et al. ( 52 ) conducted a secondary analysis of biopsy specimens taken during the AIM dysplasia trial, and found that there was no signifi cant diff erence in the frequency of esophageal squamous biopsy samples that included lamina propria between patients who received RFA (78.4 % of biopsy samples included lamina propria) and those who received sham ablation (79.1 % , P = NS). Overholt et al. ( 53 ) also found no signifi cant difference in the depth of esophageal squamous epithelium biopsy samples before and aft er PDT. Th ese studies suggest that RFA and PDT have no important eff ects on the depth of squamous biopsy samples. However, the photomicrographs included in the report on RFA make it clear that specimens containing squamous epithelium with lamina propria only within papillae (without subepithelial lamina propria) were categorized as " containing lamina propria " ( 52 ) . Such specimens are less informative for detection of buried metaplasia.
DISCUSSION
A number of key points emerge from this systematic review of reports that evaluated buried metaplasia aft er endoscopic ablation of Barrett ' s esophagus. First, in patients who have not had endoscopic ablation, buried metaplasia oft en can be found in areas where metaplastic columnar epithelium abuts squamous epithelium. Th is occurs at the endoscopic Z-line (the squamo-columnar junction), where buried metaplasia has been observed in up to 28 % of patients ( 19 ) , and at squamous islands, in which buried metaplasia has been found in up to 38.5 % of cases ( 17 ) . Second, endoscopic ablation can bury metaplastic glands that either are already neoplastic or have neoplastic potential. We found descriptions of 34 patients who had neoplasia within buried metaplasia detected during follow-up intervals that ranged from 4 to 52 months aft er ablation (mostly PDT). Th ird, buried metaplasia has been found more frequently aft er PDT than aft er RFA. In 22 reports describing the results of PDT for 953 patients with Barrett ' s esophagus, buried metaplasia was found in 135 (14.2 % ) during follow-up intervals that ranged from 4 weeks to > 5 years. In 18 reports describing the results of RFA for 1,004 patients, in contrast, buried metaplasia was found in only 9 (0.9 % ) during followup intervals that ranged from 8 weeks to 5 years. Furthermore, we found no report of neoplasia in buried metaplasia aft er RFA. depth of neosquamous biopsy specimens taken aft er endoscopic ablation therapy (0 of 22 reports for PDT and 2 of 18 reports for RFA). One of the two studies that provided information on the depth of neosquamous pinch biopsy specimens found that 85 % of 1,473 esophageal biopsy specimens obtained aft er RFA " contained lamina propria or deeper tissue " ( 37 ) . However, this report does not provide information on whether specimens included only lamina propria in papillae or whether subepithelial lamina propria was present (see Figure 3 ) . Th e other study, in which biopsy specimens of neosquamous epithelium obtained from 16 patients who had RFA were reviewed by three expert gastrointestinal pathologists,
Squamous islands
Figure 2 . Endoscopic photograph of Barrett ' s esophagus using narrow band imaging. The metaplastic columnar (Barrett ' s) epithelium is dark, and the squamous epithelium is light. Notice the squamous islands, which presumably develop as a consequence of biopsy sampling of metaplastic epithelium during endoscopic surveillance. Finally, none of the reports described specifi cally whether biopsy specimens of neosquamous epithelium contained suffi cient subepithelial lamina propria to be informative for the evaluation of buried metaplasia.
Th e precise frequency of buried metaplasia at baseline (before endoscopic ablation) remains unclear. None of the reports listed in Table 2 describe biopsy protocols that were designed to sample esophageal squamous epithelium at baseline. Rather, the protocols LGD, low-grade dysplasia; NR, not reported. Note: A number of reports share the same authors, and we cannot exclude the possibility that some patients were included in more than one series.
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By defi nition, buried metaplasia is located in the lamina propria ( Figure 3 ). Aft er ablation, the reported frequency with which endoscopic pinch biopsy specimens of neosquamous epithelium include lamina propria ranges from 12.9 % to 91 % ( 53, 54 ) . Th e reasons underlying the wide range and large disparities among studies are not clear, but diff erences in the criteria by which the depth of a biopsy sample is categorized may be responsible. Th e mere presence of " lamina propria " in squamous biopsy specimens does not guarantee that those specimens are informative for evaluation of buried metaplasia.
Lamina propria is the layer of loose connective tissue that is located mostly below the epithelium (subepithelial lamina propria), but lamina propria is also found within papillae that extend mandated baseline biopsy sampling only of metaplastic columnar epithelium. Endoscopists generally do not attempt to sample squamous epithelium during endoscopic evaluation of Barrett ' s esophagus. Since buried glands can be detected only in biopsy specimens that have a surface layer of squamous epithelium, buried metaplasia detected at baseline was probably identifi ed in biopsy specimens that the endoscopist had intended to take from columnar metaplasia, but fortuitously contained squamous epithelium as well (for instance, in metaplastic epithelium located near the endoscopic Z-line or adjacent to squamous islands). Th erefore, it is not clear whether the wide range of reported prevalence rates for baseline buried metaplasia (0 -28 % ) is the result of disparities in patient populations or diff erences in biopsy sampling practices among endoscopists. LGD, low-grade dysplasia; LP, lamina propria. Note: A number of reports share the same authors, and we cannot exclude the possibility that some patients were included in more than one series.
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up into the epithelium ( Figure 3 ). Although buried metaplastic glands may be detected within the lamina propria papillae, this is a rare fi nding in our experience. Rather, the vast majority of buried glands reside in the subepithelial lamina propria. Th erefore, biopsy specimens that include only squamous epithelium with papillae (without subepithelial lamina propria) may be categorized as " containing lamina propria, " but such biopsies are less informative for evaluation of the presence or absence of buried metaplasia. Figure 3 illustrates this point. Although some studies used the presence of lamina propria as an index of biopsy depth, none of the articles included in this review described specifi cally how frequently biopsy specimens of neosquamous epithelium were informative for evaluation of buried metaplasia. Only a study by Gupta et al. ( 54 ) (published in abstract form) has used a system for scoring the adequacy of esophageal biopsy specimens that included a specifi c assessment of subepithelial lamina propria. Among 193 pinch biopsy specimens of esophageal squamous mucosa (29 native squamous and 164 neosquamous), only 12.9 % had subepithelial lamina propria; and therefore, the authors concluded that most biopsies of neosquamous epithelium are not adequate to rule out buried metaplasia. We propose that future studies on this issue should provide specifi c information on how frequently biopsy specimens are informative for buried metaplasia.
It is conceivable that vagaries in the techniques used for biopsy sampling and tissue processing might result in spurious diagnoses of buried metaplasia. For example, tangential (rather than perpendicular) biopsy sampling of squamo-columnar junctional mucosa combined with poor orientation of the paraffi n-embedded biopsy specimens might yield tissue sections in which glands appear to be " buried " under squamous epithelium when in fact they are not.
Th is type of artifact is especially likely to occur in patients who have residual islands of columnar metaplasia post-ablation and, hence, numerous junctions between squamous and columnar mucosae. Furthermore, the detection of residual islands is enhanced by the use of modern endoscopic techniques, such as high resolution endoscopy and narrow band imaging, both of which have become widely available only within the past 5 years or so ( 55 ) . Many of the PDT studies listed in Table 3 were conducted at a time when only standard endoscopy was available to the researchers whereas, in contrast, high resolution endoscopy was available for most of the RFA studies listed in Table 4 . Th us, enhanced detection of metaplasia with the use of high resolution endoscopy in the modern RFA studies would be expected to result in more complete ablations and less inadvertent biopsy sampling of residual metaplastic islands. Conversely, the use of inferior endoscopic imaging in older PDT studies might have contributed to a higher frequency of buried metaplasia in those reports.
Another issue that might confound the results of studies on buried metaplasia is whether the biopsy specimens allegedly taken from neosquamous epithelium in fact contain neosquamous epithelium. Th ere are no endoscopic features that distinguish neosquamous from native squamous epithelium. Consequently, endoscopists rely on endoscopic measurements taken before ablation to determine the axial level (i.e., distance from the incisor teeth) at which to sample for neosquamous epithelium. Aft er ablation, the validity of axial measurements, which can be aff ected by respiration, esophageal contraction and the degree of esophageal air distention, has not been established. Furthermore, metaplastic columnar epithelium oft en does not involve the esophagus in a circumferential manner, but rather in an eccentric manner with irregular, fi nger-like projections of metaplasia extending up the esophagus. Th erefore, even if the axial level of neosquamous epithelium is determined accurately, it may be missed due to the inaccurate radial orientation of the biopsy sampling.
Th e risk of cancer associated with buried metaplasia is unclear, and authorities have proposed plausible hypotheses for why that risk might be greater or less than that of the native, surface metaplastic epithelium. For example, it has been proposed that genetic abnormalities acquired during carcinogenesis might convey survival advantages that render neoplastic Barrett ' s cells more resistant than non-neoplastic cells to ablative therapies ( 56 ) . If this is true, then ablative therapies might be better suited to destroy normal cells than neoplastic ones, and ablation might be predisposed to bury neoplastic cells that have a high risk of malignancy. However, none of the studies reviewed in this report provide strong support for that hypothesis. Other authorities have suggested that the overlying layer of neosquamous epithelium protects buried metaplastic cells from the carcinogenic eff ects of refl uxed acid and bile. In support of this hypothesis, one group found fewer DNA content abnormalities and lower crypt proliferation rates in buried metaplasia than in the surface metaplastic epithelium ( 20 ) . However, the reliability of DNA content and proliferation rates for predicting cancer risk is controversial. Dysplasia is the histological fi nding used clinically to predict cancer risk in Barrett ' s esophagus, but the histological evaluation of dysplasia in buried glands may . The blue lines delimit a hypothetical biopsy specimen that contains only the epithelial layer. Note that this hypothetical specimen includes papillae, and so could be categorized as containing " lamina propria. " This categorization belies the true depth of the hypothetical biopsy specimen, because such a specimen is not informative for buried metaplasia.
be diffi cult for pathologists because of the lack of surface epithelium. When atypical crypt cells are noted, evaluation of the surface epithelium for maturation abnormalities is considered helpful in diff erentiating regenerative changes from dysplasia ( 57 ) . Unfortunately, no studies have evaluated interobserver agreement for the grading of dysplasia within buried metaplasia. Th e reports in this review also provide contradictory data on whether squamous overgrowth aft er ablation results in complete covering of neoplastic glands or whether a portion of those glands always remain exposed to the surface. In one study of 52 patients who had HGD or superfi cial adenocarcinoma in Barrett ' s esophagus treated with PDT, 13 (25 % ) were found to have buried neoplasms during a mean follow-up interval of 29.3 months ( 8 ). In eight of those patients, the highest grade neoplastic glands were detected entirely beneath neosquamous epithelium. In contrast, in a study by Bronner et al. ( 15 ) in which > 30,000 esophageal biopsy specimens taken from 208 patients in a randomized trial of PDT for HGD in Barrett ' s esophagus were reviewed, the highest grade neoplastic glands were not present exclusively beneath neosquamous epithelium in any patient. Unfortunately, it is not clear what percentage of biopsy specimens in either study contained sufficient subepithelial lamina propria to be informative for evaluation of buried metaplasia. It is also important to note that, although subsquamous neoplastic cells are not visible to the endoscopist, subsquamous neoplasms oft en cause structural abnormalities (e.g., strictures and lumps) that are apparent endoscopically. Finally, the mere fi nding of an adenocarcinoma with a subsquamous component in the esophagus does not establish that the neoplasm arose from subsquamous glands.
In summary, our systematic review reveals that the frequency and importance of buried metaplasia aft er endoscopic ablation of Barrett ' s esophagus remain unclear. For patients treated with RFA, the frequency of buried metaplasia appears to be low, and it is reassuring that there are no reports of neoplasia appearing in buried metaplasia aft er this procedure. However, RFA has been used primarily to treat Barrett ' s esophagus with dysplasia, and it can take many years for dysplasia to evolve into cancer. RFA also has been used to ablate Barrett ' s esophagus without dysplasia, which can take decades to progress to cancer. RFA is a relatively new procedure and, therefore, available studies on RFA describe only brief follow-up intervals. Th e fact that buried neoplasia has not been observed in patients treated with RFA who have been followed for 5 years does not eliminate the possibility of buried metaplasia that has malignant potential. Further studies that pay special attention to the adequacy of neosquamous biopsy specimens are needed to resolve this issue.
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